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制镁合金的局部腐蚀。在高 pH（8.5）下 Mefp-1 蛋白易于形成聚合体并成膜，
其膜层是由小颗粒状蛋白聚合体构成，但膜层粘附性能较差，在测试过程中容易
脱落，对镁钙合金全面腐蚀的保护作用有限。在 pH 4.6 时，制备的 Mefp-1 蛋白
膜层表面为网状多孔结构，虽然吸附量较少，但粘附性强，其腐蚀控制效果显著，
电化学阻抗测试发现，贻贝粘附蛋白膜层阻抗随测试时间不断提高，特别是在测
试 3 天后。 

































Magnesium (Mg) has attracted an extensive attention in development of 
absorbable biomaterial, due to a number of benefits, including a high 
strength-to-weight ratio; richness of resource; excellent elastic modulus and 
mechanical properties which are analogous to those of natural bone; perfect 
biodegradability and biocompatibility. However, Mg is susceptible to rapid corrosion 
attack in a aqueous environment, especially containing chloride contaminant. This has 
largely impeded its clinical applications. Alloying can effectively reduce the corrosion 
rate of Mg. Ca has been focused as an important alloying element based on the fact 
that Ca exists extensively in biological bone as one of essential elements. Mg-Ca 
alloy containing 1 wt.% Ca content has a relative slower corrosion rate, better 
mechanical and damping properties. Moreover, the co-releasing of Mg and Ca ions 
may be beneficial to the bone healing. Therefore, Mg-1.0Ca alloy has been regarded 
as a biodegradable and biocompatible material potentially for clinical application. 
Mussel Adhesive Proteins (MAP), derived from the marine mussel Mytilus edulis, 
as an environment-friendly and no-toxic biomaterial can be widely used for soft tissue 
adhesive, bone screws and plates, etc.. Exploration of MAP for controls of the 
corrosion rate of the Mg alloy is of key importance in clinical application. This work 
is concentrated to (1) further investigate the corrosion mechanism of Mg-1.0Ca alloy 
in physiological saline solution; (2) explore a new biocompatible method for the 
corrosion control of Mg-1.0Ca alloy in physiological saline solution. The main 
progress and achievements in this thesis are listed as follows: 
1. Combined the traditional electrochemical measuements and scanning 
microscopic techniques, including in situ and ex situ imaging, the corrosion behavior 
of Mg-1.0Ca alloy in physiological saline solution was investigated. It demonstrated 
that the pitting corrosion was accompanied by the formation and thickening of a 
corrosion product film on the Mg-1.0Ca alloy. Pitting corrosion of the alloy usually 















β-Mg2Ca in the eutectic structure. The α-Mg around eutectic phase acted as 
micro-cathodes for hydrogen evolution which hindered the coverage of corrosion 
products and corrosion on these locations, while β-Mg2Ca particles served as efficient 
anodes for rapid dissolution and anodic hydrogen evolution, leaving a hole on the 
eutectic site. With the deepening of corroding pits and the transformation of galvanic 
effect to the interior of the alloy, the corrosion product deposit accumulated gradually 
around the pits, led to the formation of the volcanic-like morphology as the cap 
covering the pit. Finally, an electrochemical corrosion model was proposed to further 
describe the pitting corrosion mechanisum of the alloy in physiological saline 
solution.  
2. The Mefp-1 films were coated on Mg-1.0Ca alloy at different pH to adjust the 
corrosion rate of the Mg alloy in physiological environment. Both the films formed at 
pH 4.6 and 8.5 had an effective corrosion protection for the pitting corrosion and the 
breakdown of protein film from scratch on Mg-1.0Ca alloy. At high pH, Mefp-1 was 
apt to aggregation and film formation, but it had a poor adhesive property, which 
resulted in a bad protective efficiency for uniform corrosion of Mg-1.0Ca alloy. 
Whereas, the Mefp-1 film formed at pH 4.6 with a high adhesive property exhibited a 
network porous structure, which can protect the alloy effectively during a long 
measurements. The EIS results indicated that the corrosion protection of the film 
enhanced with the exposure, especially after 3 days exposure.  
3. The induced oxidation of NaIO4 for the Mefp-1 film on Mg-1.0Ca alloy led to 
a transformation of protein structure from benzene hydroxyl to benzoquinone. The 
cross-linking of Mefp-1 was accelerated by such oxidation and auto-oxidation of 
Mefp-1, which enabled the protein film to become more compactness. After oxidation, 
the corrosion inhibitor efficiency of the film greatly increased in the first few days, 
but slightly declined in later period of immersion in physiological saline solution due 
to the breakdown of the protein film.  
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